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CME, Flares, and Coronal Hole 
HSS"

Three very important solar wind 
disturbances/structures for space 

weather"

Solar	
  energe*c	
  protons	
  

CME, Flares, and Coronal Hole HSS!
The Sun!

maker of space weather!

 Radiation storm!
o  proton radiation (SEP) <flare/CME>!
o  electron radiation <CIR HSS/CME>!

 Radio blackout storm <flare>!
 Geomagnetic storm !

o  CME storm (can be severe)!
o  CIR storm (moderate)!
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Flare: SWx impacts"

• Cause radio blackout through changing 
the structures/composition of the 
ionosphere (sudden ionospheric 
disturbances) – x ray and EUV emissions, 
lasting minutes to hours and dayside"

•  Affect radio comm., GPS, directly by its 
radio noises at different wavelengths"

• Contribute to SEP – proton radiation, 
lasting a couple of days"
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Solar	
  radio	
  bursts	
  can	
  directly	
  
affect	
  GPS	
  opera*on	
  

Solar	
  radio	
  bursts	
  during	
  December	
  2006	
  were	
  sufficiently	
  intense	
  to	
  be	
  measurable	
  with	
  GPS	
  receivers.	
  
The	
  strongest	
  event	
  occurred	
  on	
  6	
  December	
  2006	
  and	
  affected	
  the	
  opera*on	
  of	
  many	
  GPS	
  
receivers.	
  This	
  event	
  exceeded	
  1,000,000	
  solar	
  flux	
  unit	
  and	
  was	
  about	
  10	
  *mes	
  larger	
  than	
  any	
  
previously	
  reported	
  event.	
  The	
  strength	
  of	
  the	
  event	
  was	
  especially	
  surprising	
  since	
  the	
  solar	
  radio	
  
bursts	
  occurred	
  near	
  solar	
  minimum.	
  The	
  strongest	
  periods	
  of	
  solar	
  radio	
  burst	
  ac*vity	
  lasted	
  a	
  few	
  
minutes	
  to	
  a	
  few	
  tens	
  of	
  minutes	
  and,	
  in	
  some	
  cases,	
  exhibited	
  large	
  intensity	
  differences	
  between	
  
L1	
  (1575.42	
  MHz)	
  and	
  L2	
  (1227.60	
  MHz).	
  Civilian	
  dual	
  frequency	
  GPS	
  receivers	
  were	
  the	
  most	
  
severely	
  affected,	
  and	
  these	
  events	
  suggest	
  that	
  con*nuous,	
  precise	
  posi*oning	
  services	
  should	
  
account	
  for	
  solar	
  radio	
  bursts	
  in	
  their	
  opera*onal	
  plans.	
  This	
  inves*ga*on	
  raises	
  the	
  possibility	
  of	
  
even	
  more	
  intense	
  solar	
  radio	
  bursts	
  during	
  the	
  next	
  solar	
  maximum	
  that	
  will	
  significantly	
  impact	
  
the	
  opera*on	
  of	
  GPS	
  receivers.	
  

Cerru*,	
  A.	
  P.,	
  P.	
  M.	
  Kintner	
  Jr.,	
  D.	
  E.	
  Gary,	
  A.	
  J.	
  Mannucci,	
  R.	
  F.	
  
Meyer,	
  P.	
  Doherty,	
  and	
  A.	
  J.	
  Coster	
  (2008),	
  Effect	
  of	
  intense	
  
December	
  2006	
  solar	
  radio	
  bursts	
  on	
  GPS	
  receivers,	
  Space	
  
Weather,	
  6,	
  S10D07,	
  doi:10.1029/2007SW000375.	
  	
  



SWx impacts of CME"

•  Contribute to SEP (particle radiation):  20-30 
minutes from the occurrence of the CME/flare"

•  Result in a geomagnetic storm: takes 1-2 
days arriving at Earth"

•  Result in electron radiation enhancement in 
the near-Earth space (multiple CMEs): takes 
1-3 days"

Affecting spacecraft electronics – surfacing charging/internal charging, single 
event upsets"
Radio communication, navigation "
Power grid, pipelines, and so on"
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Flares/CMEs/HSS!
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Structure of the magnetosphere 

The Inner Heliosphere 
This is the region between the Sun and Jupiter that is filled with outflowing, supersonic 
solar wind and frozen-in spiraling magnetic fields—the Parker Spiral. The streams of so-
lar plasma evolve significantly as they pass through this region, where fast streams of so-
lar wind plough into slower-moving streams, forming shocks. Transients, such as CMEs, 
reshape the ambient environment. Some CMEs move faster than the local solar wind, 
building up high-density fronts that form shocks where particles are accelerated to ex-
tremely high energies. CMEs can expand as they move outwards, leaving low-density 
regions behind the propagating front. 

 
Electrons flowing along the 
large-scale magnetic field 
lines, thus producing radio 
bursts of various types, 
show which field lines re-
main connected back to the 
Sun and which ones have 
reconnected.  
 
Because of the spiral nature 
of the fields, Earth is better 
connected to the western 
hemisphere  of the Sun; 
thus an event near the west 
limb of the Sun is more 
likely to be geoeffective 
than one in the eastern he-

misphere. Photons take only eight minutes to arrive at Earth from the Sun, and high-
energy protons can be detected a few minutes later, whereas material from a CME event 
seen on the Sun may take up to three days to arrive. 

Geospace 
Earth’s magnetic field acts as a barrier 
to most of the harmful particle fluxes 
originating from the Sun. Much of the 
solar wind is deflected around the mag-
netosphere, which forms a teardrop-
shaped shield around Earth. The shape 
and size of the magnetosphere change 
as solar wind conditions vary. Earth’s 
magnetic field is compressed within 
about 10 Earth radii (RE) on the sun-
ward side of the planet and stretched 
out by many tens of RE on the anti-
sunward side.  
 

A CME propagates through the heliosphere towards Earth 

flares	
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Outline"

•  Solar wind +magnetosphere interactions"
• CIR and HSS impacts on Earth"
•  Importance of magnetosphere in space 

weather"
•  Importance of ionosphere in space 

weather "
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Videos"

• Mysteries of the Sun "
• Watch the video on ʻEarthʼs 

magnetosphereʼ "

•  http://www.nasa.gov/mission_pages/
sunearth/news/mystery-sun.html"



The	
  solar	
  wind	
  pushes	
  and	
  stretches	
  Earth’s	
  magne*c	
  field	
  into	
  a	
  vast,	
  comet-­‐shaped	
  
region	
  called	
  the	
  magnetosphere.	
  The	
  magnetosphere	
  and	
  Earth’s	
  atmosphere	
  protect	
  
us	
  from	
  the	
  solar	
  wind	
  and	
  other	
  kinds	
  of	
  solar	
  and	
  cosmic	
  radia*on.	
  	
  

Sun	
  

Earth’s	
  magnetosphere	
  

NASA/GSFC,	
  internal	
  use	
  only	
  :-­‐)	
  

Flares/CME/High-­‐Speed	
  Streams	
  



The	
  Earth’s	
  Magnetosphere	
  

Inner	
  Magnetosphere:	
  
Up	
  to	
  ~	
  10Re	
  

APL	
  

Plasmasphere	
  

Ring	
  Current	
  

Van	
  Allen	
  Belts	
  

NASA/GSFC,	
  internal	
  use	
  only	
  :-­‐)	
  

1-­‐10	
  eV	
  

1-­‐400	
  keV	
  

400	
  keV	
  –	
  6	
  MeV	
  



Kp"

• Geomagnetic activity index"
" range from 0-9   disturbance levels of 

magnetic field on the ground - currents"
1. Non-event   - period of 12/01/2010 – 

12/7/2010"
2. Moderate event – April 5, 2010"
3. Extreme event  - Oct 29 – Oct 31, 2003"

NASA/GSFC, internal use only :-)"

"planetarische Kennziffer" ( = planetary index). "

Threshold Kp>=6"hhp://bit.ly/Kp_layout	
  



NASA/GSFC,	
  internal	
  use	
  only	
  :-­‐)	
  



Coronal Hole HSS"
Is one important space weather contributor too!"
Particularly for its role in enhancing electron 

radiation levels in the near-Earth 
environment and for substantial energy input 
into the Earthʼs upper atmosphere"

May be more hazardous to Earth-orbiting 
satellites than CME-related magnetic storm 
particles and solar energetic particles (SEP)"



CIR and HSS"

Co-rotating Interactive Regions (CIRs) are regions within the solar wind 
where streams of material moving at different speeds collide and 
interact with each other. The speed of the solar wind varies from less 
than 300 km/s (about half a million miles per hour) to over 800 km/s 
depending upon the conditions in the corona where the solar wind has 
its source. Low speed winds come from the regions above helmet 
streamers while high speed winds come from coronal holes. "

As the Sun rotates these various streams rotate as well (co-rotation) 
and produce a pattern in the solar wind much like that of a rotating lawn 
sprinkler. However, if a slow moving stream is followed by a fast moving 
stream the faster moving material will catch-up to the slower material 
and plow into it. This interaction produces shock waves that can 
accelerate particles to very high speeds."



30 J. T. GOSLING AND V. J. PIZZO

Figure 6. Schematic illustrating 2-D corotating stream structure in the solar equatorial plane in the
inner heliosphere (from Pizzo, 1978).

longitudes in the equatorial plane; however, the state of evolution is a function of
solar longitude. The pattern of interaction that develops in the equatorial plane is as
shown by the sketch in Fig. 6 (Pizzo, 1978). It is worth emphasizing that although
the pattern shown rotates with the Sun, each parcel of solar wind plasma moves
outward nearly radially as indicated by the small arrows in the figure. Because
CIRs are inclined relative to the radial direction, the pressure gradients associated
with CIRs have both radial and azimuthal components as indicated by the large
arrows in Fig. 6. Thus, the forward and reverse waves bounding a CIR have both
radial and azimuthal components of propagation in the equatorial plane. In partic-
ular, the forward waves propagate antisunward and in the direction of planetary
motion about the Sun (westward), while the reverse waves propagate sunward (in
the plasma rest frame) and eastward. Consequently the slow wind is accelerated
outward and deflected westward and the fast wind is decelerated and deflected
eastward as a result of the interaction between the flows. This accounts for the

west	
  

east	
  



Coronal Hole HSS"

Mar	
  1,	
  2011	
  

June	
  4,	
  2012	
  



WSA+ENLIL+cone"

Predicting impacts of CMEs"

WSA+ENLIL"

Modeling and predicting the ambient solar wind"

Forecasting capability enabled by ENLIL!





May 2, 2010"

Dense (20-30 cc), HSS"

IMFBz:   -18 nT"

Clean HSS"

may be more hazardous to 
Earth-orbiting satellites 
than ICME-related 
magnetic storm particles 
and solar energetic 
particles"

Electron radiation "





NASA/GSFC,	
  internal	
  use	
  only	
  :-­‐)	
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  and	
  radia*on	
  belt	
  electron	
  flux	
  enhancement	
  
GOES	
  data	
  of	
  energe*c	
  electron	
  fluxes	
  

ACE	
  measurements	
  of	
  Solar	
  Wind	
  Speed	
  



NASA/GSFC,	
  internal	
  use	
  only	
  :-­‐)	
  

2. Scientific background 

2.1. Importance of waves in radiation-belt dynamics 
    In the basically collisionless plasma of the magnetosphere, changes in the energetic electron 
and ion populations are mainly controlled by interactions with a variety of plasma waves, which 
lead to violation of one or more of the particle adiabatic invariants. Such interactions lead to 
various effects such as pitch-angle scattering and precipitation loss to the atmosphere, heating 
and acceleration of particles by the absorption of wave power, as well as radial transport across 
L-shells. Our ability to accurately model the dynamic variability of the radiation belts during 
geomagnetically active periods, requires a very thorough and detailed description of the global 
power and polarization of all the important plasma waves in the magnetosphere, as well as their 
variability due to changes in either solar wind forcing or geomagnetic activity.  This wave 
distribution is then typically used to evaluate bounce-averaged rates of pitch-angle scattering, 
energy diffusion [e.g., Li et al., 2007], as well as radial diffusion  [Elkington et al, 2003]. 
Simulation of the dynamical variability of the radiation belts for different solar wind forcing can 
then be obtained by solving the Fokker-Plank equation, in which all the important non-adiabatic 
processes are included.  
 

 
    The distribution of plasma waves that control ring current and radiation belt dynamics is 
mainly determined by a combination of the hot and cold plasma motion and distributions, and is 
shown schematically in Figure 1.  These include chorus, plasmaspheric hiss, magnetosonic, and 
EMIC waves, each of which impacts the dynamics of the radiation belts in a different way, and 
since the distributions and spectral characteristics of each of these waves evolve during the 
course of a geomagnetic storm, the net balance of their various effects varies accordingly. 
 

 
Figure 1:  Schematic diagram showing the spatial distribution of important waves 
in the inner magnetosphere, in relation to the plasmasphere and the drift-paths of 
ring-current (10-100 keV) electrons and ions and relativistic (! 0.5 MeV) electrons. 

 

Various	
  types	
  of	
  waves	
  that	
  are	
  important	
  to	
  RB	
  dynamics	
  



Aug	
  3,	
  2010	
  



other properties of storms the differences could not be
discerned within the scope of the present study; those
phenomena are briefly discussed in section 3. The findings
are summarized in section 4.

2. Differences

[7] The differences between CME-driven storms and
CIR-driven storms are collected into Table 1. The category
‘‘CME-driven’’ includes driving by ejecta, CME sheaths,
and magnetic clouds. The category ‘‘CIR-driven’’ also
includes driving by the high-speed-stream that follows the
CIR. Each row of Table 1 is described in detail in the
various subsections of this section. For some storm proper-
ties, the differences between CME-driven storms and CIR-
driven storms are well known and the appropriate literature
is pointed out. For other properties, original work is done
here to discern the differences.

2.1. Phase of the Solar Cycle

[8] It is well known that CIR-driven storms generally
occur in the late declining phase of the solar cycle and
that CME-driven storms tend to occur at solar maximum
[Gonzalez et al., 1999; Yermolaev and Yermolaev, 2002;
Richardson et al., 2001, 2002]. There are exceptions to this
general trend. CMEs occur throughout the solar cycle, but
their occurrence frequencies and their velocities are both
greatest during solar maximum [Webb and Howard, 1994;
Ivanov and Obridko, 2001; Gopalswamy et al., 2004]. Also,
27-day-recurring high-speed streams can also occur in phases
of the solar cycle other than the declining phase. Additionally,
interaction regions (IRs) that are not 27-day recurring
occur throughout the solar cycle [Bobrov, 1983; Richardson
et al., 2000], although their geomagnetic effectiveness is
weaker on average than is the geoeffectiveness of CIRs.

2.2. Occurrence Rate

[9] CIRs (corotating interaction regions), when they oc-
cur, pass the Earth every !27 days owing to the rotation of

the Sun. During the declining phase of the solar cycle,
coronal hole structure on the solar surface is long-lived and
simple, and as a result 27-day-recurring high-speed-stream-
driven storms are often found. This is shown in Figure 1a.
Here the Kp index is used to create a storm occurrence
database. The Kp index is broken into 27.27-day-long
intervals, one interval for each rotation of the Sun. The
data is then plotted as the day during the 27.27-day-long
interval (horizontal) versus the fractional year (vertical).
The timelines are the thin black lines. Time intervals when
Kp " 4+ are plotted as large black squares. 27-day repeating
storms appear as the vertical clusters of black points.
Several of these storm groups can be seen in 1993–1995
during the declining phase. Another group can be seen
in late 1999 and early 2000. The storms are replotted in
Figure 1b without the timeline. The McPherron online
catalog (R. McPherron, private communication, 2005)
(www.igpp.ucla.edu/public/rmcpherr/CDAWEventLists/) of
CIR stream interfaces at Earth for January 1994 through
December 1996 is used to produce the yellow points in
Figure 1b. As can be seen by their association with CIRs, the
groups of periodic storms in Figure 1a are high-speed-
stream-driven storms (CIR-driven storms). As can be seen
in Figure 1a, throughout the solar cycle other storms occur
randomly. The occurrence frequency of these random
storms is higher in the 2000–2002 solar maximum years.
Plotted in purple in Figure 1b are times when CMEs are
passing the Earth (the Cane and Richardson catalog [Cane
and Richardson, 2003]) and plotted in yellow are times when
magnetic clouds are passing the Earth (the Lepping online
catalog http://lepmfi.gsfc.nasa.gov/mfi/mag_cloud_pub1.
html, see Lepping et al. [2005]). The Cane and Richardson
catalog goes from January 1996 through December 2002 and
the Lepping catalog goes from February 1995 through
August 2003. As can be seen, the randomly occurring storms
in Figure 1a are associated with CMEs and with the magnetic
clouds within CMEs.

Table 1. A Summary of Some of the Important Differences Between CME-Driven Storms (Shock, Sheath,
Ejecta, Cloud) and CIR-Driven Storms (CIR, High-Speed Stream)

Phenomenon CME-Driven Storms CIR-Driven Storms

Phase of the solar cycle when dominant solar maximum declining phase
Occurrence pattern irregular 27-day repeating
Calm before the storm sometimes usually
Solar energetic particles (SEP) sometimes none
Storm sudden commencement (SSC) common infrequent
Mach number of the bow shock moderate high
b of magnetosheath flow low high
Plasma-sheet density very superdense superdense
Plasma-sheet temperature hot hotter
Plasma-sheet O+/H+ ratio extremely high elevated
Spacecraft surface charging less severe more severe
Ring current (Dst) stronger weaker
Global sawtooth oscillations sometimes no
ULF pulsations shorter duration longer duration
Dipole distortion very strong strong
Saturation of polar-cap potential sometimes no
Fluxes of relativistic electrons less severe more severe
Formation of new radiation belts sometimes no
Convection interval shorter longer
Great aurora sometimes rare
Geomagnetically induced current (GIC) sometimes no

A07S08 BOROVSKY AND DENTON: CME STORMS AND CIR STORMS

2 of 17

A07S08

Borovsky, J. E. and M. H. Denton ( 2006 ), Differences between 
CME‐driven storms and CIR‐driven storms , J. Geophys. Res. , 
111 , A07S08, doi:10.1029/2005JA011447. "

Both CME and CIRs are capable of generating 
geomagnetic storms. Differs in"



Solar Cycle!
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23+ Solar Cycles

Timeline of Solar Cycles over 400 Years

Sunspots have been observed and recorded since Galileo’s time in 
1610. But it wasn’t until 1849 that the Zurich Observatory started a 
continuous daily record. From these early observations scientists 
have been able to construct a timeline of solar cycles that spans 
more than 400 years.

While early observations were not as extensive, well-documented 
records show a period of very few sunspots (a prolonged sun-
spot minimum) from 1645 to 1715, which is called the Maunder 
Minimum. This period corresponds to the “Little Ice Age,” when 

temperatures across the Northern Hemisphere plunged and alpine 
glaciers extended over farmland, sea ice extended from the Arctic, 
and even canals in the Netherlands froze. 

NASA scientists are continuing to study the links between solar 
activity and climate, and understanding the Sun’s natural varia-
tions is key to these ongoing climate studies. NASA missions 
continue to collect data about the Sun’s activity and variability 
to help us better understand the extent to which solar activity is 
influencing present-day climate change.

7

The Solar & Heliospheric Observatory (SOHO)
The Solar & Heliospheric Observatory (SOHO), launched in 1995, captures images 
of the Sun every 12 minutes. Scientists can now view images of the Sun through-
out an entire solar cycle. 

A B

high and low sunspot activity that repeats about every 11 years!

SWPC PRF 1914 07 May 2012 17

Smoothed Sunspot Number Prediction
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
2010 9 11 12 14 16 16 17 17 20 23 27 29

(***) (***) (***) (***) (***) (***) (***) (***) (***) (***) (***) (***)
2011 31 33 37 42 48 53 57 59 60 60 62 65

(***) (***) (***) (***) (***) (***) (***) (***) (***) (***) (1) (2)
2012 69 72 74 74 74 74 76 80 83 86 88 89

(3) (5) (5) (6) (7) (7) (8) (9) (9) (10) (10) (10)
2013 89 90 90 90 90 90 90 89 89 89 88 87

(10) (10) (10) (10) (10) (10) (10) (10) (10) (10) (10) (10)
2014 86 86 85 84 83 81 80 79 78 76 75 73

(10) (10) (10) (10) (10) (10) (10) (10) (10) (10) (10) (10)
2015 72 70 69 67 65 64 62 60 59 57 55 54

(10) (10) (10) (10) (10) (10) (10) (10) (10) (10) (10) (10)
2016 52 50 49 47 45 44 42 40 39 37 36 34

(10) (10) (10) (10) (10) (10) (10) (10) (10) (10) (10) (10)
2017 33 31 30 29 27 26 25 24 23 21 20 19

(10) (10) (10) (10) (10) (10) (10) (10) (10) (10) (10) (10)
2018 18 17 16 15 15 14 13 12 12 11 10 10

(10) (10) (10) (10) (10) (10) (10) (10) (10) (10) (10) (10)
2019 9 8 8 7 7 6 6 6 5 5 4 4

(10) (10) (10) (10) (10) (10) (10) (10) (10) (10) (10) (10)
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CME storms!

CIR storms!



CIR HSS: usually long-duration (3-4 
days)"

Radiation belt electron flux enhancement"
Surface charging"
Geomagnetic disturbances (moderate at 
most)"
heating of upper atmosphere: satellite 
drag"

SWx consequences of CIR HSS!

Energetic electron radiation: ( the >0.8 MeV electron flux 
exceeding 10^5 pfu alert threshold): takes 2-3 days from the 
CIR interface"

Although geomagnetic activity (due to CIR HSS) during the declining and"
minimum phases of the solar cycle appears to be relatively benign (especially 
in comparison to the dramatic and very intense magnetic storms caused by 
interplanetary coronal mass ejections (ICMEs) that predominate during solar 
maximum), this is misleading. Research has shown that the time-averaged, 
accumulated energy input into the magnetosphere and ionosphere due to 
high speed streams can be greater during these solar phases than due to 
ICMEs during solar maximum!"



Homework"

March 1, 2011 high speed streams, find out the 
time of arrival and examine its behavior in 
terms of speed and density profile, IMF 
characteristics, when the >0.8 MeV energetic 
electron flux at GOES started to exceed 10^5 
pfu?"

You	
  can	
  do	
  the	
  homework	
  using	
  this	
  iSWA	
  layout	
  for	
  HSS	
  
hhp://bit.ly/HSS_layout_20110301	
  

June	
  4,	
  2012	
  HSS	
  



The importance of 
magnetosphere and 
ionosphere in SWx"

NASA/GSFC, internal use only :-)"



Magnetosphere and 
magnetospsheric products"

NASA/GSFC, internal use only :-)"



The	
  Earth’s	
  Magnetosphere	
  

NASA	
  NASA/GSFC,	
  internal	
  use	
  only	
  :-­‐)	
  



Kp"

• Geomagnetic activity index"
" range from 0-9   disturbance levels of 

magnetic field on the ground - currents"
1. Non-event   - period of 12/01/2010 – 

12/7/2010"
2. Moderate event – April 5, 2010"
3. Extreme event  - Oct 29 – Oct 31, 2003"

NASA/GSFC, internal use only :-)"

"planetarische Kennziffer" ( = planetary index). "

Threshold Kp>=6"hhp://bit.ly/Kp_layout	
  



NASA/GSFC,	
  internal	
  use	
  only	
  :-­‐)	
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HSS	
  and	
  RBE	
  flux	
  enhancement	
  



Energe*c	
  proton	
  flux	
  

•  >10	
  MeV	
  flux	
  by	
  GOES	
  spacecran	
  
Threshold:	
  10	
  pfu	
  
–  Non	
  –event	
  Dec	
  1	
  –	
  7,	
  2010	
  

–  Event:	
  Aug	
  14	
  –	
  18,	
  2010	
  

NASA/GSFC,	
  internal	
  use	
  only	
  :-­‐)	
  



Magnetopause stand-off distance  
delineating the boundary between SW and Earthʼs magnetosphere"

•  r0 <=6.6 Re – model product"
–  Events: Dec 28, 2010"
–  Jan 7,2010 kp=5 at 22:30 UT on 1/6/2011"

–  Non-event: Dec 1 – 7, 2010"

NASA/GSFC, internal use only :-)"

Degree of compression of MP"
Due to Pdyn of solar wind"
(interplanetary shock /HSS)"



An iSWA layout for magnetospheric 
products!



Videos"

• Mysteries of the Sun "
• Watch the video on ʻEarthʼs upper 

atmosphereʼ"



Earth’s Ionosphere/Thermosphere Processes 

Courtesy	
  of	
  Joseph	
  Grebowsky,	
  NASA	
  GSFC	
  

Electrodynamics	
  &	
  par<cle	
  
Sun	
  

Tides	
  and	
  	
  
Gravity	
  Waves	
  

NASA/GSFC,	
  internal	
  use	
  only	
  :-­‐)	
  



Ionosphere-­‐Thermosphere	
  

•  Aurora	
  –	
  hemispheric	
  power	
  
•  Satellite	
  drag	
  due	
  to	
  neutrals	
  
•  Equatorial	
  bubbles/irregulari*es	
  –	
  
scin*lla*on,	
  communica*on	
  problems	
  

	
   	
  

NASA/GSFC,	
  internal	
  use	
  only	
  :-­‐)	
  

Products	
  demo	
  

Auroral	
  power	
  
Auroral	
  oval	
  
TEC	
  map	
  
CTIPe	
  products	
  
HF	
  absorp*on	
  map	
  

Scin*lla*on	
  index	
  S4	
  

hhp://bit.ly/iono_layout	
  

An	
  iSWA	
  layout	
  for	
  ionosphere	
  products	
  



Ionosphere	
  irregulari*es	
  

•  plasma	
  bubbles:	
  	
  typical	
  east–west	
  dimensions	
  of	
  
several	
  hundred	
  kilometers	
  
– contain	
  irregulari*es	
  with	
  scale-­‐lengths	
  ranging	
  from	
  
tens	
  of	
  kilometers	
  to	
  tens	
  of	
  cen*meters	
  (	
  Woodman	
  
and	
  Tsunoda).	
  Basu	
  et	
  al.	
  (1978)	
  showed	
  that	
  between	
  
sunset	
  and	
  midnight,	
  3-­‐m	
  scale	
  irregulari*es	
  that	
  
cause	
  radar	
  backscaher	
  at	
  50	
  MHz,	
  co-­‐exist	
  with	
  sub-­‐
kilometer	
  scale	
  irregulari*es	
  that	
  cause	
  VHF	
  and	
  L-­‐
band	
  scin*lla*ons.	
  Aner	
  midnight,	
  however,	
  the	
  radar	
  
backscaher	
  and	
  L-­‐band	
  scin*lla*ons	
  decay	
  but	
  VHF	
  
scin*lla*ons	
  caused	
  by	
  km-­‐scale	
  irregulari*es	
  persist	
  
for	
  several	
  hours.	
  

NASA/GSFC,	
  internal	
  use	
  only	
  :-­‐)	
  

Journal	
  of	
  Atmospheric	
  and	
  Solar-­‐
Terrestrial	
  Physics	
  Volume	
  61,	
  Issue	
  16,	
  1	
  
November	
  1999,	
  Pages	
  1219-­‐1226	
  


